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FOREWORD

This report documents an in-house effort to develop more flexible computer
methodology for optimization or parameterization investigations of the basic
design parameters for a cylindrical warhead. The effort was conducted between
June apd August 1971.

rhis technical'report has been reviewed and is approved.

T'0"'~.S P. .CHRISTIE
Director, Weapon Systems Analysis Division
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ABSTRACT

This report documents the Cylindrical Warhead Design Optimization segment
of the Weapons Optimization Techniques computer program. This segment enables
the user to optimize or parametekize the basic design parameters of a theore--
tical warhead for a given.target or set of targets. The warhead lethality
is determined as a function of the basic design parameters: warhead weight,
warhead volume, warhead diameter, charge-to-metal ratio, fragment mass,
ratio of warhead length to diameter, and fragment height-to-width ratio.
This segment can also optimize or parameterize height of burst, terminal
velocity, impact angle, and fragment spray angle.

Distribution limited to U. S. Government agencies onl;i
this report documents test and evaluation; distribution
limitation applied March 1972. Other requests for
this document must be referred to the Air Force Armament
Laboratory (DLYD), Eglin Air Force Base, Florida 32S42.
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SECTION I

INTRODUCTION

Cylindrical Warhead Design Optimization (CYDOP) is a segment of the
Weapon Optimization Techniques (WOPS) computer program. The WOPS 7,rogram
(Reference 1) was written by the Martin Marietta Corporation and was pre-
sented to the Air Force Armament Laboratory (AFATL) in October 19,7.
Initially, the program optimized specific warhead and delivery p.rameters
of fragmentation, blast, and fragmentation/blast warheads for materiel and
personnel targets for which lethal area is a measure of effectiveness.
Since that time, WOPS has been modified several times, and at the date of
this report, CYDOP is the most recent of these modifications.

The first WOPS modification (Reference 2) was a part of a follow-on
contractual effort. The contractor modified WOPS to increas: program
flexibility and to maintain state-of-the-art technology. Tye main feature
of this modification is the capability to optimize warheads with varying
charge-to-metal ratios. Other improvements include the inorporation of
the fragment shape (k) factor, the capability to input special drag co-
efficient tables, the capability to compute munition lethil area against
troops in foxholes, and the computation of minimum e'feclive fragment
velocities for personnel and materiel targets by recent state-of-the-art
technology.

In September 1969, a second modification (Referenc3 3) to the WOPS
program was completed by the contractor. This modifiration enables the
optimization of bomblet pattern size and the evaluation of the kill proba-
bilities of warheads emitting a high velocity plane of fragmeats.

Three modifications, in addition to those prepa',ed by the contractor.
have been incorporated into the WOPS program by AH.TL. The program was first
modified to receive warhead and target data from magnetic tapes. The second
modification gave the capability of using only on,, input deck to evaluate
similar cases in the same computer job.and also a method of changing those
data that vary from case to case. At the date o'$ this report, the third
modification is under development. Once completed, the program will be
capable of parameterizing lethal area when optiaizing bomblet pattern size
so that its sensitivity to lethal area can be inalyzed.

The WOPS program assumes that the basic d sft- z•f the warhead is known
prior to program execution. Such warhead cho.i,.:tr1.:tics as fragmo..t fly-
off velocity, fragment density, and fragment presented area must be input
to the program. WOPS can assist in the design of warheads only in that it
can determine the optimal fragment mass and the optimal extremes of the
fragment spray anglo for a given target spl(ctrum. Often it is necessary
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to perform analyses to determine the optimal parameters of a theoretical
warhead. When a warhead is in the design stage, the characteristics are
not known but must be calculated externally and input to the program. The
Cylindrical Warhead Data (CYNDAT) program was written to perform these
calculations.

CYNDAT uses basic design parameters to compute dimensions and explosive
characteristics of theoretical warheads. Prior to the CYDOP modification,
it was necessary to use the CYNDAT output as the input to WOPS. Moreover,
for each set of CYNDAT outputs, one run of WOPS had to be made. After the
CYDOP modification, the final answer can be obtained in one computer run.

This report documents those segments of CYDOP that differ from WOPS.
The documentation consists of Section II User Section, Section III Analyst
Section, and Section IV Test Case. The User Section contains a brief
description of the program and an explanation of the data input formats.
The Analyst Section discusses the theory, the FORTRAN-source statements, and
flow charts. Section III illustrates the input and gives an interpretation
of the output to a test case. Appendix I presents the utilization report
to be used with Section II. Appendixes II and III discuss the Gurney
equation correction factor and the polar zone assumption, respectively,
used in Section III.



SECTION I1

USER SFECTI ON

CYDOP is the last of three warhead input segments to the WOPS program.
* The first describes the input for a warhead with constant charge-to-metal
. ratio, and the second concerns input data for a warhead with varying charge-

to-metal ratio. The CYDOP segment uses basic design parameters to compute
leth.il area so that the optimal set of warhead parameters can be determined.

The CYDOP segment assumes that the warhead is cylindrical in shape and
is primarily a fragmentation bomb. Due to the methodology employed, the
warhead must have single-end initiation. Furthermore, the warhead must assume
a fuze-first orientation before detonation.

Assuming that these conditions exist, the first step in executing
the WOPS program with the CYDOP segment is to determine the constraints
defining the warhead. Next, based on these constraints, the user must select
three independent variables from the following set of warhead parameters:
weight, volume, diameter, warhead length-to-diameter ratio, and charge-to-
metal ratio.

The user can then optimize or parameterize any number of the three selected
warhead parameters, the two fragmentation parameters (fragment mass and frag-
ment height-to-width ratio), and the standard warhead parameters (height-of-
burst, velocity of the missile, terminal warhead attack angle, and upper
limit of the first polar zone). Finally, the output can be analyzed to
determine the optimal sot of parameters for the warhead.

The complete, updated version of the utilization report for the WOPS
program is presented in Appendix I. The format is the one used by the
Freeman Mathematical Laboratory at Iiglin Air Force Base. The program user
should refer to this utilization report while compiling the data deck input.

The utilization report is divided into Constants. Warhead, and Target
Secticns. The Constants Section (Section 1) consists of four cards that are
used to define the basic parameters describing a warhead-target situation.
The Warhead Section (Section II) is partitioned into three subdivisions,
only one of which may be used in a given run. The first subdivision
(Section IIA) concerns the input data of warheads with constant charge-to-
metal ratios. The second subdivision (Section lIB) concerns the input
data of warheads with varying charge-to-metal ratios. The third (Section TIC)
describes the input cards used in designing a theoretical warhead. The
Target Section (Section III) concerns the input cards that describe the
target. This report is primarily concerned with only Sections I and IIC.

. 9
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The execution card deck required to execute the modified WOPS program
on the CDC 6600 computer is shown in Figure 1. The data deck which appears
at the end of the execution deck is shown in Figure 2.

* Not used if no input frog tapo

Figuire 1. Execution Dock for Modified ck PS Program
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[Section III ti

SecionHA eal wi)' areads wichn hIaveacontn hret

(Card C

S"Car d

•Repeated for each variable optimized

Section III deals with target data irput.

Section NIA deals wit), warheads which have a constant charge to

metal ratio.

Section 1IB deals with warheads which have a varying charge to
metal ratio.

Section IIC deals with warhead design. The following is an illustration
of its make-up:

Piguro 2. Data Deck for ,4odified WOPS Program
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SECTION III

ANALYST SECTION

1. THEORY

In Section I, it was pointed out that a choice of warhead design para-
meters had to be made. This choice is necessary because there are five
design parameters of interest, only three of which are needed to determine
a solution to warhead design equations. Therefore, the CYDOP modification
is divided into 10 segments to process the 10 combinations which result from
five variables taken three at a time. Table I illustrates these 10
combinations. Table II is a listing of the variable- names.

TABLE I. COMBINATIONS OF THE FIVE DESIGN PARAMETERS

Combinat ion
Possible Combinations Number

Weight Charge to metal Length to diameter 1

Weight Charge to metal Diameter 2

Weight Length to diameter Diameter

Weight Length to diameter Volume 4

Weight Diameter Volume S

Charge to metal Length to diameter Diameter 6

Charge to metal Length to diameter Volume 7

Charge to metal Diameter Volume

Volume Weight Charge to metal

Volume Diameter Length to diameter 10

The last two combinations listed in Table I do not uniquely determine a
solution to warhead design equations; therefore, they can not be used,
Nowever, the first eight are sufficient to describe any set of warhead
COiltain t s.
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TABLE II. VARIABLE NAMES

Variable Name Description Units

D diameter of explosive in the case in

DV detonation veloci'y of the explosive ft/sec

DWH diameter of warhead in

FM (1,I) fragment mass grains

FV (1,I) fragment fly-off velocity ft/sec

GAMMA (orf ) Gurney equation correction factor

GC (or 4 ) Gurney constant for the explosive ft/sec

HFW height of the fragments in

KDGN design mode flag

NCI1 combination number

RCM (or C/M) ratio of charge to metal

RIIOEX donsity of the explosive lb/cu.in.

IMSTL density of the metal lb/ cu. it.

R|HW (or H/W) ratio of fragment height to width

RLD (or L/D) ratio of warhead length to diameter

TFRAG total number of fragments

TIEK thickness of fragments in

n ET constant spray angle dog

T•-TAA computed spray angle dog

WC weight of the case lb

WE weight of the explosive lb

W. width of the fraguents in

UK warhead length in

hVOL warhead volume cu. in.

..F •warhead weight lb
7



Consider, for example, combination number 1 (Table I). The two unknown
variables, diameter and volume, are functions of the three known parameters.
That is

DWH = f(WrT,C/M, L/D)

and

WVOL = f(WWT, C/M, L/D).

However, in combination number 9, neither the length-to-diameter ratio nor
the warhead diameter can be represented in terms of the three known variables.
That is

L/D ý f(•WT, C/M, WVOL)

DWH # f(WWT, C/Mi, WVOL).

Similarly for combination 10,

WWT # f(L/D, DWH, WVOL)

C/M # f(L/D, DWH, WVOL).

It now remains to derive each equation for these combinations. This will
be done in combination number order by solving for the two unknown variables
in terms of the three known variables. In the following equations, RHOSTL,
RHOEX, and n are constant.

The following basic equations were used:

WE
C/NI= 1

ww - WE + WC (2)

WVOL + WCRHOEX RHOSTL

L/D =D (4)

DW'1 D + 2 (TCK) (S)

DWHWVOL = D( ) WIHL .(6)

8



1) Given: WWT, C/M, L/D
Find: DWH, WVOL

From equations (1) and (2), the weight of the case is

C-C/M+ ' (7)

and the weight of the explosive (WE) is obtained by rearranging equation

(1).

From equation (6),

L7r'rY WHL 3
WOL = -- ) ---,,-,/D).2  (8)

SSo, •l 4(L/r))2

SWHL 
= D WVOL 

(9)

Combining equation (3) and (9) gives

(W4 (L/DY2 WL~ WCWHL -: + -(0
RkiaE RHOSTL (0

The diameter (DWI) can now be determined by rearranging equation (4), and
the volume (WOL) can be determined from equation (6).

2) Given: WI', C/M, DWH
Find: WVOL, L/D

The weight of the case (WQ) and the weight of the explosive (WE)
are obtained from equations (7) and (1), respectively, So, the warhead
volume (WVOL) can readily be determined from equation (3).

The length of the warhead (WHlL) can be determined by rearranging
equation (6). Then, the ratio of length to diameter is given by oquation (4).

3) Given: WWT, "/D, DWH
Find: WOL, C/N

The warhead length (WilL) can be determined by rearranging equation
(4), and the volume is given by equation (6).

The charge-to-e.' . ratio is a function of the warhead weight and
the weight of the case (or the weight of the explosive). So, the weight
of the case must be deterained first. Prom equations (3) and (2),

k



WC WWT-WC
O RHOSTL RHOEX (Ii)

Upon rearranging terms,

WC = RHOSTL(WVOL' RHOEX-WWT) (12)RHOEX-RHOSTL

The charge-to-metal ratio is then given by,

C/M = wwr-w• (13)

4) Given: MIT, L/D, WVOL
Find: DWH, C/M

From equations (6) and (4),

r0L)2 (L/D) DWH ( CDWH) 3 (L/D) (14)

So,

3f'• (iS)DWH= •f--

Using equation ( 1 2 ), the charge-to-mecal ratio can be determined,

w/W-- (16)

5) Given: WWT, OWI4, WVOL
'Find: L/D, C/N

From equation (IS),

L/D i ) Lo'9- (17)
IT CDWH) 3

Using equation (12), the tharge-to-metal ratio can be determined as in
equation (13).
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6) Given: C/M, L/D, DWH
Find: WVOL, WWT

The warhead volume (WVOL) is determined using equation (14). From
equations (1) and (3),

WVOL = WC WC(C/M) /_P + CIM
RHOSTL RHOEX = WC OSTL R--EX1

Therefoi e,

wc = WVOL (19)

RHOSTL RHOEX

From equations (1) and (2),

VnT = WC + WC(C/M) = WC(1 + C/M) (20)

7) Given: C/", LiD, WVOL
Find: DWH, WWT

The diameter is Aiven by equation (15), the weight of the case is
given by equation (i9), and tVe warhead weight is given by equation (20).

8) Given: C/M, DWH, WVOL
Find: •/D, W'T

The ratio of length t-- dlimeter is given by equation (17). Warhead
weight is given by equations (19) and (20).

After one of the eight combinations is executed, the following warhead
variables are determined. weight, volume, diimeter, length, charge-to-met.il
ratio, length-tc-diameter ratio, weight of the case, and weight of the
explosive. The two fragmentction variables (fragment mass and fragment
height-to-width ratio) are also' determined since they were input. It is
then necessary to computu the remaining wirhead and fragmentation parameters
from these known variables. 'chese oquatinns will be lerived in the following
paragraphs.

iFragment fly-off velocity is determined by the Gurney formula (derivecý
in Reference 4). The equation, for cyliri'ical warheads, is

.PV " (21)

where / is a characteristic value of the explosive, called the '-ýrney
constant.

.i~i•.11



There has been much discussion concerning the accuracy of the Gurney
equation. In Reference 5, a set of data points for correction to the
Gurney formula is presented as a function of length-to-Jiameter ratio. Tn
Appendix II, an exponential curve was fitted to th-ýe data points using
the least squares method. The eyiation for the correction factor, y, was
found to be

y = 1.0 - (0.4486)exp[-1.2345(L/D)] (22)

This is used as a multiplier to the Gurney equation, so that the final form
of the Gurney equation is

FV y _ V' 07 7) (.S(C/23)

The diameter of the explosive, D, is used in computing the spray angle
and the fragment thickness. The equation for D is derived in the following
manner:

WE =Vol RHOEX(exp.)

2 2 (WHL) RHOEX
(24)

D 2 4 , ,WE
i• (WHL)RHOEX

D 2V V WfLEX

The thickness of the fragments, which is also the thickness of the case,
is given by

T DCK OWH-D (25)
2

The fragments are assumed to be controlled, rectangular parallelepipeds.
The width of the fragments is given by

FM Vol (frag) (RHOSTL) (7000)

T1ICK(WP) (HF) (RHOSTL) (7000) (26)

= THUM(WP) 2 (H/W) (RHOSTL) (7000)

12



W FM 1/2 (7
= ((7000) (THCK)(H/W) (RHOSTL)) (27)

Where 7000 is a factor converting pounds to grains.

The total number of fragments is determined by dividing the weight of
one fragment into the total weight of all th- fragments,

TFRAG = (7000)WC (28)FM

In reality, TFRAG should be an integer since there should be an integral
number of fragments in a warhead of given length and diameter, but this
fact is ignored here since the error is small.

The fragment presented area, used in drag calculations, is defined as
one-fourth the surface area.

FPA [2(WF)HIF + 2(WF)THCK + 2(HF)THCK]

4 ) (29)

1 [WF(HF) + WF(THCK) + HF(THCK]

Since in the program the fragment height, width, and thickness are in inches
and the fragment presented area is in square feet, equation (29) must be
divided by 144. So

PA I [WP(HF) +.WF(THCK) + HF(THCK)] (30)

Only one polar zone is assumed for the theoretical warhead. The lower
polar zone angle is chosen as 90', or the angle measured between the warhead
longitudinal axis and a line perpendicular to that axis (Figure 3). The
upper polar zone angle is computed and, in general, is 900 plus an acute
angle.

The upper polar zone angle is computed by one of three methods: (1)
the angle is allowed to vary by optimizing or parameterizing the upper polar
zone angle, (2) the angle is computed as a function of warhead characteris-
tics, or (3) the angle is input and held constant. The first and third of
these methods are self explanatory. The second method utilizes Shapiro's
formula (derived in Reference 5):

13



THETAA tan- [-L 2 (WD/2)2 2 (31)

After computing THETAA by one of these three methods, the upper polar zone
angle, THSUR, can then be defined as

THSUR = + THETAA (32)2

Shapiro's formula actually computes the upper spray angle of a single
end initiation bomb (a in Figure 3). However, the program makes the
assumption that representing this angle by an angle with its vertex at the
center of the warhead (0 in Figure 3) does not cause a significant degree
of error. Appendix III contains a discussion of this assumption.

Figure 3. Polar Zone Representation

14



2. ILLUSTRATION OF FORTRAN STATEMENTS

The WOPS program is divided into one mainline, four overlays, and 15
subroutines. The CYDOP modification directly affects only two overlays
and one subroutine. These segments will be discussed (flow charts shown
in Figures 4 to 6).

The input overlay (OVERLAY 1) is the first segment of the program
affected by the CYDOP modification. The first card read by this overlay
is in the input card type D. The last variable read on this card is KDGN,
the design mode flag.

C READ CARD TYPF D
80 READ (5, 2) IPRNT1,IPRNT2,IPRNT3,IPRNT4,IPRNT59TOUMYINDXR,

1 IDUM ,DGRIDALPHADZBVMRGMAX WDISKDGN
2 FORMAT(51T,315,4F10.O,2F5*0, I5)

C KDGN = 1 -- FLAG FOR DESIGN MODE
IF(IPRt5T.EQ.I) WRITE(6,504) KDGN

504 FORMAT(/,lX,*KDGN =*,15)

If KDGN=l, the program is to be executed in the design mode, and the program
assumes that input Section TIC will follow. If IPRNTS=l, the program
checkout print indicator, the program will print the value of KDGN.

!n the next set of statements that pertain to the design mode, the
first FORTRAN statement determines if the program is used for design. If
KDGN • 1, the program skips the design input. If KDGN = 1, the program
reads three input cards:

C ..... INPUTS IN DESIGN MUUL -- INPUT TAaLE ZIG
k RLAU CARO TYPE E

RLA)(5,1) WlIIL6
I F0UiAT (aAW|

READ CARD TYPE F

501 FURMAT(5F10FI,15)
M 04$OST., 6i, 0e) RHUSTL z RhOST41e,,96E6

C RLAD LARD TYPe Gi ,H~fEA0( •,541O) -wVOLMT- *,N HRiLt RGf4 RHW4 FH( 1 ,l )
502 FOKAT(7F10 0)

The first card contains the warhead title. The second contains values of
parameters that depend on the tjp 'of explosive and the type of metal used.
Also included oi, the second card is the combination number, NCOMB, and the
spray angle, THWT, if It is held constant. The third card contains values
of design parameters thet the user wishes to hold constant throughout the
program. If the field for a particular variable is left blank, then it is
assumed that the value of that variable will vary.

15



read Card D

input Section
KDGN=1? no IIA or IIB

+~yes

read Card E
of Section HC

read Card P
of Section IIC

read Card G
of Section IhC

print out
constants

NPOLAR=1
MINI=O
IWHOT=O
NGPS(1)=l
INDCOm2
ISKP=O

THET=Oyes,

S......- .. tarfet data )

. THET*.oy \ .COWpt

Figure 4. Flow Chart- Input
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DO J

=1, ISTP

IGO=NAME (1)

IGO
1 HOB
2 VM
3 ALPHA

4 - 13 FM .. .. ....

14 ZONEL
15 ZONEU
16 MINI-MASS-
17 VOL - (

18 ,i" WV=X (-)

19 DWH -D--R' -

20 L/D L
21 C/M C =x

22 H/W -,,W:x(1)

Figure 5. Flow Chart - Computation
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100

design mode? no

yes

NCOMB

1 compute
2DWH, WOL

2 compute.WOL, L/D
3 , compute /

WVOL, C/M

I L

4 compute
4 -- - DWH', C/M

5 comput e
5 - • ... ' L/D,C/M

compute
6 ... ... WVOL, WWT

•- ... ... compute
DWH, INT

8 :". ..... L/D, WWT

S... prin't error• CALL EXIT

Figure S. Continued
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90

compute
WC

91

compute
WHL

compute
WE

compute
GAWA, FV, D
THCK WF HF,
TFR& ZgAWDIS , FP

IZNcl? No 95

Yes

VETOO? No -oG
Yes

compute
JIIETAA

94

rigure S. Cokinued
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yess

ETHSUR()
THSU 1

0- co nue
HT SLR(I)

TUSL (1)

niuo S.C Nclude

20e'



print effec-

tive and
let! - l
area

p j2?yes

conltinlue

Figure 6. Flow Chart - Output

The next set of statements imm•diately follow. and cause the program to
print out the constant values that were input.

C OuYPUT CONSTANTS IN DESIGN MODE*
WRI•E(60,50) NCOIBRHOEX.RKOSTLGCODVTH4ET oWVOLWWT DWHRLDt RCM*

I RHw*FM(Il)
503 F0RMAT(///t2X,*CONB RHO EX RHO N GURNEY C DET VEL TH

IETA VOL WT OWH R/L C/M H/W
2 FMU*/,IX$I5ql2FlO.3,/)
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Several variables have to be iiatialized before continuing the program:

C SET CONSTANT PARAMETERS IN DFSIGN MODE
NPOLAR = I
MINI 0
IWHDT 0
NGPS(l) = 1
INDCD = 2
IF(THET.NE. 0.) THETAA = THET*CONV
ISKP = 0

C END DESIGN MODE INPUT SECTION. GO TO TARGET INPUT SECTION
GO TO 40n

510 CONTINUE

NPOLAR = 1, defines the number of polar zones as one. MINI = 0 indicates
that the warhead does nrc contain a plane of fragments. IWfIDT = 0 means
input Section IIB is not used. NGPS (1) = . indicates that the number of
classes of fragments 'a the first(and only' polar zone is one. INDCD = 2
indicates that the drag table for cubes is used. If the spray angle is to
be held constant, the spray angle is set equel to the constant input value.
CONV is a conve. ,ion factor to convert degrees to radians. ISKP = 0
initializes the target input file number. GO TO 400 ciuses the program to
skip over the statements used to input standard warhead data (input Sections
ITA anAi TIB). 51." CONTINUE is the last statement in this segment; it is
used as a reference point if the design input Is skipped over.

The next segment of the program affected by the CYDOP modification is a
computation section, SUBROUTINE MOVE. This subroutine is primarily con-
cerned with assigning tl-e new values of parameters to proper variables.
However, the CYDOP modification uses this subroutine to transform the basic
design parameters into variables used in t*e lethal area computation. In
other words, variables such as fragment fly-off velocity, fragment presented
area, fragment density, and fragment spray angle are computed from the five
basic warhead and the two fragmentation parameters.

The assigning of new values of parameters to proper variables is
controlled by a DO-loop:

DO 100 J=IISTP
IF (JPBK ,EQ# 2) In+l
IGO = NAME(1)
IF(IPRNT5,EQl) WRITE(6.500) IGO

500 FORP.AT(lX,6HIGO = ,13)
Go TO (lOt2O,30.40,40,40,4O,40,4O,40,4O,40,40O50%60,70,74,
75,9'6,77 178#79),9GO

The loop is executed ISTP times, where ISTP is equal to 1 or the number of
variables optimized or parameterized. The value of ISTP is determined
depending on conditions set in the mainlint.. NAM1 (I) contains a value
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representing a variable that is optimized or parameterized. Depending on
this value, the program branches to one of 13 different segments. State-
ments 10, 20, 30, 50, and 70 deal only with standard variables (namely,
HOB, VM, ALPHA, ZONEL, and MIfI-mass). If KDGN=l, statements 40 and 60
transfer immediately to statements 73 and 72, respectively. This is done
because these sections are not nsed if the CYDOP segment is executed.

40 CONTINUE
IF(KDGNEQ•i) GO TO 73

60 CONTINUE
IF(KDGN*EQl) GO TO 72

72 THCU(1J = X(I)
1HSUR(1) = X(I)*CONV
GO TO 100

73 FM(1,) = X(I)
GO TO 100

Statement numbers 74 t*rough 79 assign design parameters to proper
vari&bles. Statement 100 is the end of the DO-loop that controls the
switching of variables.

74 WVOL X()
GO TO 100

75 WWT=X(I)
GO TO 100

76 DWH c X(I)
GO TO 100

77 RLD t X(T)
GO TO 100

78 RCM n X(I)
GO TO 100

79 RHW = X(I)
100 CONTINUE

T'he next two statements cause the program to skip the design computation,
if it is not applicable.

C SKIP DESIGN COMPUTATION IF NOT APPLICA3LE
.I-(KDGNNEI) GO TO 110
IF(JPBK.NE.2*AND I.NE,1.AND.NPAROTaO) 6O TO 110
B = RHOEX
IF(IPRNT5*E0,l) WRITE(6501) NCOMB

501- FORMAt(jX,*NCOMB %**i5)
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B is set equal to RHOEX for ease in reading the equations that follow.
If IPRNTS=l, the value of the combination number is printed.

Immediately following the previous statemencs, the program branches
into one of ten segments depending on the combination number. These
segments correspond to the combinations described in Table I.

% GO TO SLGMENT UEFINED BY THE COMQINATI&N4 NUNJXER.
SIN EAC H UL0M INA IION NUMLER SEGMENT, OETERMINL THE VALUE

FOR THE INO JNK4NOWN VARIAoLES IN TERMS OF3 KNOWN VARIAaL-$S
GOTU(8;,82,b3J8'.,85a8bt,87t8dtd9,89),NCOMB

Combination number 1 determines the diameter of the warhead and the
volume of the warhead in terms of the charge-to-metal ratio, length-to-
diameter ratio, and warhead weight:

C COMBINATION 1
81 WC = WWT/(RCM+l.)

WE = WC*RCM
WHL = (U(WE/B)+(WC/RHOSTL}}*(RLD**2)*4./Pl)**ONETRD
DWH = WHL/RLD
WVOL = (PI*DWH**2)*WHL/4,
GO TO 93

The weight of the case, the weight of the explosive, and the warhead length
are determined as intermediary steps, so they need not be determined in
later steps.

Similar statements are used for the remaining combination numbers,
solving for the two unknown parameters in terms of the three know variables.
If NCOIB is input as 9 or 10, an error code is printed and the run terminated.

k ,40IdLNATIUN 2
82 WG wft7/(RL'"+L')

NE w u*IG

NVUL = (Wt/b)*(v(G/NPhTL)
.4HL -'- WVLCLI(P1.u0H 2)
t(LU ,4hL/LWH
G. TO 9t

C LOU.IIINATIUN 3
tJ WHL .:.Osor

PlVOL- ¼2."11 4*2)*WHL PiI/4
.-- W• ,,tnnSt fl*lEI L"w¥LW1I 1/tIHOSTt-t)''•

NRIZ IishT-WL)/WC
GO To Y2
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U 601BI3ATIUN 4
84 OWr ( 4. WVOL/(PI*RLU))#ONETRD

C i C*((RHUSTL*WVOL-WWT)/(RHOSTL-1)))

GO T1 91
C QOMB8INATIIN 5

85 RLJ = 4.'WVUL/(PI*%UhH*3)
WC - t*-((RH(STL*WV0L-wWT)/(RHOOS1L-8))
RC.M= (WkT-WL)/•W4

G CUMBINATIUN 6
86 sWVUL= PIRL.O*(UWt**3)/4.

WC = VOL/ ((RCM/B) + (1/RHOSTL})
WWT WL*(-!L-M+i#)

GO TO 91
*~----& it 0i,4?--- -

67 DWH (4*.WVOL/(P1*RL0))*ONETRG
WWI (WVUL-d((R4CM-/)+(./kHOSTLf))'(1.+RC$)
GO TO 90

C CO1@iNATlfUN 8
88 RLO = 4.*WVUL/(Pi1OhiH**3)

GO TO 90
C COMBINATIUtNS 9 ANG 10
C THc. UNKNOWNS IN CCMuINATIUNS 9 ANO 10 CANNOT BE REPRESENTED
L INTERMS 01 THt KNOWN VAkIABLES

GALL EXIT

In some of these combinations, weight of the case, weight of the explosive,
and warhead length are not determined as intermediary steps. The following
Statements are included to compute them when necessary:

C DETERMINE W/H CHARACTERISTIC VALUES CALCULATED IN SOME OF
C THE ABOVE SEGMENTS BUT NOT CALCULATED IN OTHERS

90 WC c WWT/(RCM+l.)
91 WHL= RLD*DWH
92 WE = WWT-WC

The program must now transform these design parameters into variables
used in the lethal area computation. The first variable computed is the
fragment fly-off velocity. The equation utilizes the Gurney formula with
the exponential correction factor derived in Appendix M

C DETERMINE REMAINING W/H CHARACTERISTICS
93 GAMMA = 1.0 - .4486*EXP(-l.2345*RLD)

FV(1,l) GAMMA*GC*SQRT(RCM/(I.+.S*RCM,)
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The variable D, diameter of the explosive, is computed next.

D = SQRT(DWH**2-(4.*WC/(PI*WHL*RHOSTL)))
THCK = (DWH-D)/2*
WF = SQRT(FM(l,1)/(7000*THCK*RHW*RHOSTL))
HF = WF*RHW
TFRAG = 7000**WC/FM(ll)

The fragment thickness, width, and height are then determined. TFRAG, the
total number of fragments, is determined by dividing the weight of one fragment
into the total weight of the case.

Since a new warhead length is computed each time, the correction factor
to the height of burst also changes.

C HOB = HOB + PRESENT CORRECTION FACTOR - OLD CORRECTION FACT
ZB = ZB + (SALP*WHL/24,) - SALP*WDISF
WDISF= WHL/24.

The height of burst must be adjusted accordingly. This is done by
subtracting the old correction factor and adding the new factor to the
height of burst. The distance from the center of the warhead to the nose
of the warhead, WDISF, must also be corrected. This distance is one-half
the warhead length (divided by 12 to change inches to fee3t).

The fragment presented area is computed by taking one-fourth the surface
of the fragment. This is then divided by 144 to convert square inches to
square feet.

C FPA IS ONE-FOURTH SURFACE AREA DIVIDED BY 144-- TO CHANGE SQ
C IN TO SO FT

FPA(l,1) = (WF*HF+WF*THCK+HF*THCK)/288*

The upper polar zone angle is determined by one of the three methods
* described earlier. If IZN=1, the upper polar zone angle is optimized or

parameterized. If THET=O, the upper polar zone angle is held constant.
If neither of the abov; two combinations exist, the spray angle is computed
by ShaDiro's formula and defined as the upper polar zone angle.

C THREE OPTIONS TO COMPUTE SPRAY--
C 1) IF UPPER ZONE IS OPTIMIZED (IZN=l) THEN THTTA IS DETERMINED
C BY PRESENT VALUE OF THSUR(UPPER POLAR ZONE IN RADIANS)

IF(IZNEQol) GO TO 95
C 2) THETA IS INPUT AND HELD CONSTANT (THET *NE*O.)

IF(THET.NF,0,) GO TO 94
C 3) THETA IS COMPUTED RY SHAPIRO S FORMULA

THFTAA = ATAN(FV(1,1)*WHL/(2.*DV*SQRT(WHL**2+(D/2")**2f1|
'ý 4 IF(THETNEr.O. WHETAA =,THET*CONV
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The next set of statements define the polar zone 4.n terms of the variable
used in the lethal area computation. The last statemlent in this set converts
the spray angle to degrees.

THSUR(l) = HFPI + THETAA
THSU(1) = THSUR(1)/CONV

95 THSLR(l) = HFPI
THSL(l) = HFPI/CONV
IF(IZN.EQ.l) THETAA = THSUR(l)-HFPI
THETAA = THETAA/CONV

After the density of the fragments is determined, the subroutine returns
control to the mainline.

DENOM P12*(COS(THSLR(1))-COS(THSUR(l)))
RHO(l,1) = TFRAG/DENOM

110 RETURN
END

The design mode output is executed in program LETHAR (OVERLAY2). This
overlay computes the probability of kill, prints the effective and lethal
area table, and prints the PK matrix. The design output is placed immediately
after the effective and lethal area table (if the effective and lethal area
output.is requested). If none of the print indicators are set, the inputs,
the design mode outputs, and the summary will be the only items printed.

C PRINT EFFECTIVE AND LETHAL AREA DATA
1605 WRITE (6911)

WRITE (6,12) (PLEVEL(M),XEA(MI)sXLA(MI),XPK(Mtl),M = 1,10)
WRITE (6,13) PLFVEL(11),XEA(11,l),XLA(l1,I),xPK(11,ll
WRITE (6,14) PLEVEL(12)tXEA(12,t),XLA(12,t),XPK(12,1)
WRITE (6,12) PLEVEL(13),XEA(13,I),XLA(13,1)nXPK(13,r)

C PRINT DESIGN MODE COMPtJTATION
1610 IF(KDGN.FQ.I)

XWRITE(6,101) NTR tWWT*WVOLRLDRCMRHWFM(II},WE*WC*WHLDWH,
THCK 1 ,HF,WF,TFRAG,FV( 1,1) ,THETAA
101 FORMAT(/,4X,*NUM WWT WVOL L/D C/M H/W FM

I WE WC LWH DWH FTK FHT FWD FNUMB
2 FVEL ANGL*/4X, 13 2F8.2,3F8.3,3F8.1,2F9.3,3F8.3,2F8oO,F7.1)

I,
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SECTION IV

TEST CASE

Table III illustrates the input deck for a typical execution of the
CYDOP computer program. Five variables were parameterized, and a total
of 162 warheads were evaluated against a single target element in 84 seconds
of central processor unit time on a CDC 6600 computer.

Table IV illustrates a portion of the output obtained from this test
case. This output is optional and is obtained by setting IPPi2 equal to 1
on card D. It is strongly recommended that, when using the warhead mode,
this output be obtained since it contains information about the warhead
that will not be found in the summary. The summary is always output and
is illustrated in Table V.

There are several variables in Table IV which have not been encountered
previously. Effective area is the amount of area in which there is a PK
equal to or greater than the designated PK (Minimal). PK (Mean) is defined
as follows:

IfPK da

PK (Mean) = (EA)
Effeqtive Data

where EA is the Effective Area'. Lethal Area, LA, is

LA = PK(Mean)'EA

In the final line of the output, there are several other new variables:

a. NUM is the number with 0 indicating the first case.

b. FTK is the fragment thickness.

c. Fill is the fragment height.

d. FWD is the fragment width.

e. FNUMB is the number of fragments.

f. FVEL is the initial velocity of the fragments.

g. ANGL is the upper angular limit of the fragment spray.

Table V contains the summary output for the first 12 cases. Not all of
the variables being parameterized are shown in the summary. This deficiency
is inconvenient, and the program is being modified to correct the problem.
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TABLE IV. TEST CASE FOR DESIGN MODE

TEST CASE WARHEAD TARGET ELEMENI NO. 1

WARHEAD ENTRY ANGLE 60.0 DEGREES

WARHEAD VELOCITY 250,0 FT/SEC

FM £ ±5.0

BUIkSI HEIGHT *198 F.ET
PK EFFECTIVE AREA LtTHAL AREA PK(MINIMAL) (SQ FT) (S'0 FT) (MEAN)

.9 352s33701 J38-09014 695156465

.8 352.3,370± 3s6•i09014 •95956465

.7 3- 352o3370r .. - ..-.3.7 . .T959564"-65
96 352.33701 338,09014 •S5956-,65

#5 352,33701 338,09014' *S5956465

.4 3"S.339"4 6
.3 352,33701 ' - 338,091014 *',5qsb465

,2 827,70571 465,059g4 #156186533
S. 1 . ..... . 4 9 9 3B6b -" . ... . ... 37•i'•54S9 ......... ...k.~ Ff 3 7' • 37 647•

'005b 2429, 06lbo 662.59808 *221171345

.0001. •429, 06160 662•59808 *27277S,5

0.0 5-115,L6z6i3 b662599808 - .O.202196

" .L../O C/M H/W F .. E

WC LWH DWH FTK FHT FWD FNUMB FVEL ANGL
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TABLE V. TEST CASE FOR DESIGN MODE

SUMMARY

TARGET NO. i TARGET :5 V4. WOOD

TRIAL TARGET ALPHA HO3 4/H F'1(1) LETHAL
NO, NO. (DEG) (FT) VEL. GRAINS AREA

(FPS) SQFT,
0 -I 6'O .. - 2 -250,0 15.00 , -

£ 1 75,0 ,2 2-0.0 15,0U 1'.64:
2 1 90.0 .2 250G0 15.0 a.
3 1 60,0 .2 250.0 30.0 6u2,
4 1 75.0 o2 250,0 30.0 1350.
5 1 90.0 .2 250,0 30.0 0.
6 . ......69.- .C 2 250.0 i5.U 940.
7 1 75.0 .2 250.0 15.0 2011.
8 1 90,0 .2 250.0 15.0 0.
9 1 bO, 0 .2 250,0 3S*0 3620

I0 i 75o0 o2 250,0 30.0 1900.
ii 1 9go 0 •2 250o 0 30.0 0.

However, by simply referring to Card C of the input deck, the values of the
variables being parameterized can be determined for any of the cases. The
rule is that the variable input on the first of the Type C cards will change
most quickly while the variable input on the last of the Type C cards will
change most slowly. In this test case, therefore, ALPHA varies most quickly
and L/D changes most slowly.
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SECTION V

CONCLUSIONS AND RECOMMENDATIONS

1. CONCLUSIONS

a. The Weapon Optimization Techniques program has been modified so
that it is possible to optimize or parameterize basic design parameters
for cylindrical warheads.

b. The methodology for fragment fly-off velocity has been investigated,

and a correction-factor equation to the Gurney formula has been introduced.

2. RECOMMENDATIONS

a. The possibility of considering blast effects when using this program
to optimize design should be investigated.

b. A design option to this program for alternative warhead shapes
should be considered as a possible future modification.

c. The possibility of expanding the warhead/target representation to
consider more than just point locations should be investigated.

d. Future programming efforts should be thoroughly documented to
eliminate any uncertainty as to how the program accomplishes its computations.

32
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SECTION I CONSTANTS, SECTION

CARD A

COLUMN ITEM SCALING
1-72 GTITLE = GENERAL TITLE 12A6

CARD B

COLUMN ITEM SCALING
1-5 NVOPT NUMBER OF VARIABLES TO BE OPTIMIZED(MAX OF 15) 15
6-10 NPAR NUMBER OF VARIABLES TO BE PARAMETERIZED(MAX OF 8) 15

IF NVOPT IS GREATER THAN 0O NPAR = 0 AND VICE-VERSA.
11-20 CCi FI0.0
21-30 CC2 F10.0

OPTIAIZATION PROCEDURE WILL NOT CONVERGE UNTIL THE
FOLLOWING TWO CONDITIONS ARE SATISFIED. AL( IS LETHAL
AREA OF TRIAL I1
Is ABSOLUTE VALUE OFI4AL(N-1)-AL{N-2))/AL0N-2))

MUST BE LESS ThAN C(l AND
Z. AbSULUTE VALUE OF(ItALlNi-AL(N-1)HIA0N-1))

MUST UE LESS THAN CC2.
35 IPR6 1 It PRINTS INTERMEDIATE VALUES IN OPTIMIZATION 11

PORTION OF PROGRAM.
40 I0PPATr Is OPTIMIZES PPTTERN SIZE. II
45 IEACH It IN PARAMETRIC MODE.INDICATES PATTERN SIZE WILL 1i

BE OPTIMIZED FOR EACH SET OF CONDITIONS.
Os PATTERN SIZE WILL DE OPTIMIZED FOR THE LARGEST

VALUE OF N
Pt (AL) WHERE N IS THE NO. OF

I TARGET ELEMENTS.
.b LAPAR * . •EtHIAL AREA WILL BE PARAMETIRILEO 11

NOTE. IF LAPAR * 1# SKIP TO CARD WI-

CARD O

COLUMN ITEM SCALING
1-6 NAMEIII WNAME Of VARIABLE TO BE OPTIMIZED OR A6

PARAMETtRIZED FROM VARIABLE TABLE
7 - 1,e OL 4K 4x

Il-ZO XtNmt Ii VARIABLE MINIMUM FI10.
21-30 XmA() 1 VARIABLE MAXIMUM F 10*0
31-40 Xil) - FIRSt ESTIMATE IN OPTIMIZATION MODE FlOlO

* DELTA X IN PARAMETRIC MODE

CARD C IS REPEATED FOR EACH VARABLE BE-ING OPTIMIZEP
OR PARAMETERIZED -
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VARIABLE TABLE

COLUMN ITEM DIMENSION
1-3 HOB = WARHEAD HEIGHT OF BURST FT.
1-2 VM = TERMINAL WARHEAD VELOCITY FT./SEC.
1-3 ALPHA = TERMINAL WARHEAD ATTACK ANGLE DEGREES
1-5 FM(I) = FRAGMENT MASSt GROUP I (MAX OF 10 GROUPS) GRAINS
1-5 ZONEL = LOWER LIMIT OF FIRST ZONE IN WARHEAD DEGREES
1-5 ZONEU = UPPER LIMIT OF LAST ZONE IN WARHEAD DEGREES
1-3 FM1 = FRAGMENT MASS FOR PLANE OF FRAGMENTS GRAINS
1-3 * VOL = VOLUME OF WARHEAD CU. IN.
1-3 * WWT 7 WEIGHT OF WARHEAD LBS
1-3 * DWH = DIAMETER OF WARHEAD IN.
1-3 * L/N = RATIO OF LENGTH TO DIAMETER
1-3 * z RATIO OF WEIGHT OF CHARGE TO WEIGHT OF .,ETAL
1-3 * H/W = RATIO OF HEIGHT TO WIDTH OF FRAGMENTS

NAMES MUST BEGIN IN COLUMN 1 AND BE IN THE EXACT FORMAT
AS INDICATED IN THIS TABLE
* USE WITH DESIGN MODE ONLY (KDGN = 1 ). DESIGN MODE CAN ALDO

USE HOB, VM* ALPHA, FM(1)t AND ZONEU0 REFER TO NOTE AT IHE
BOTTOM OF THE FIRST PAGE OF SECTION IIC BEFORE CHOOSING ANY
OF THE DESIGN PARAMETERS.

CARD D

COLUMN ITEM SCALING
1 IPRNTI 1 1, PRINTS STATIC, DYNAMIC AND FRAGMENTATION 11

WARHEAD DAIA
2 IPRNT2 = 1, PRINTS EFFECTIVE AND LETHAL AREA DATA 11
3 IPRNT3 = I, PRINTS PK MATRIX II
4 IPRNT4 = 1, PRINTS TARGET DATA INPUT 11
5 IPRNT5 =1, SPECIAL PRINT USED FOR PROGRAM CHECKOUT 11

SET THE INDICATOR TO 0 TO OMIT THE SPECIFIED PRINTOUT
15 INDXR = 1# INDICATES EVERY RADIUS IN THE TABLE OF RADII 15

FOR 1HE TARGET DAMAGE ASSESSMENT kiRID IS TO BE
USEO

= 2, INDICATES EVERY OTHER RADIUS
= 3t INDICATES EVERY THIRD RAOIUS

ETC
21-30 DG.*I D ANGULAR INCREMENT FOR TARGET DAMAGE ASSESSMENT FIOO

GRID. SHOULD DIVIDE INiO 1BO EVENLY (DEGREES)
31-40 ALPHA = WARHEAD TERMINAL ATTACK ANGLE (DEGRELS) FIOO
41-50 H08= WARHEAD HEIGHT OF BURST (FT) FIO,O
51-60 VM * WARHEAD TERMINAL VELOCITY (FT/Sf-C) F1OO
61-65 RGMAX = MAXIMUM EFFECTIVE RADIUS TO BE EVALUATED. IF F5,0

RGIiAX=O, GRID RADIUSJ WILL BE DL7ERMINED DY A
CALCULATED EFFECTIVE RANGE OF WARHEAD,

66-70 WDIS w DISTANCE FROM ThE NOSE OF THE MhI)ILE TO THF FS.O
CENTER OF THE WH SECTION(INCHES1

75 KDGN = 1# DESIGN MODE FLAG* USE SECTION It C IF KDGN=lo 15
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SECTION" I WARHEAD SECTION

NOTE- USE TABLE IIA9IIBtOR IIC AS APPROPRIATE

SECTION IIA

(WARHEADS WITH CONSTANT CHARGE TO MASS RATIO)

CARD L

COLUMN ITEM SCALING
1 ITAPt = It INDICATES CERTAIN VARIABLES WILL BE READ 11

FROM TAPE

2-3 ISKP = NO. OF THE FILE TO BE READ FROM TAPE. 12
4-9 TITLE = ABBREVIATED NAME OF THE FILE TO BE READ FROM A6

TAPE.

CARD F - OMIT WHEN ITAPE=l

COLUMN ITEM SCALING
1-72 WTITLE WARHEAD T:TLE 12A6

CARD G - 4HEN ITAPE=Iv INPUT COLUMNS 11-35 ONLY

COLUMN ITEM SCALING
1-5 BLANK 15
6-10 NPOLAIk NUM6ER OF POLAR ZONES REWUIRED TO DESCRIBE THE I5

FRAGMENTATION DATA ;OR WARHEAD (DEG) (MAX OF 36)

NOTLE IF WH CONTAINS ONLY A PLANE OF FRAGMENTS
AN') NO FRAGMENTS IN POLAR ZONES* THEN NPOLAR

MAY BE SEI TO 0 AND CARDS H ANO I OMITtED.
11-20 P6EXP m THC 3ARE CHARGE OF TNT EQUIVALENT EXPLOSIVE IN FIOO

THE WARHEAD (LbSý
11-30 RHOMTL. DUNSITY OF FRAGMENT MATERIAL (LBS/IN*#3) F1O.O

(NOT USED IF FRAGMENf IS STEEL)
ir, MINI m It INDICATES W•h CONTAINS A PLANE OF FRAGMENTS. 15

36-60 BLANK
6!-70 FACTK -K FACTOR* (FTF104GR0*Z/3) P10.0

71 IF;(AG FRAGMENT DENSITY INDICATOR 11

0 THE FRAGMENT DENSITYP RkO(ItJlo 4S IiKPUT IN
FRAGMENT$/$TERADIAN

I THE FRAGMENT DENStYY ;5 INPUT AS THE TOTAL NUMBER
OF F.AGMWN.S AND THE PROGRAM COMPUTES VRAGMENTS/
STERADIAN

72 INDCO IFRAGMENT DRAG INDICATOR, I SPHEREt 2 u CUDEs 11
3 = RANDOM. IF ItDC.) GT 3t A bPECIAL DRAG CURVE

MUST BO ItPU• USING CARDS J1.

,,,39.
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CARD H - OMIT WHEN ITAPE=I.

COLUMN ITEM SCALING

1-5 NGPS(J) = NUMBER OF CLASSES OF FRAGMENTATION DATA IN 15
POLAR ZONE J. ALL ZONES MUST HAVE SAME NUMBER
OF CLASSES. (MAX OF 10)

6-10 BLANK 15

11-20 THSU(J) UPPER ANGLE DEFINING POLAR ZONE J FCR WARHEAD F10.0

(DEG)
21-30 THSL(J) = LOWER ANGLE DEFINING POLAR ZONE J FOR WARHEAD F1O.0

(DEG)

CARD I - OMIT WHEN ITAPE=l.

COLUMN ITeM SCALING
1-10 FM(JtK) FRAGMENT MASS FOR POLAR ZONE J* AND CLASL K F1O.0

(GRAIN)

11-20 FV(JK) r INITIAL VELOCITY FOR POLAR ZONE J AND CLASS K F1O.0
(FT/SEC)

21-30 FFA(JK)= FRAGMENT PRESENTED AREA FOR POLAR ZONE J AND F1O.O
CLASS K (SQ. IN.)

31-40 bLANK FIO.0

41-50 RHO(JtK)= FRAbMENT DENSITY OR NUMBER OF FRAGMENTS F1O.O

51-60 DICK) = WIDTH OF RECTANGULAR FRAGMENTS IN CLASS K (IN) F1O.0

61-70 D2(K) = HEIGHT OF RECTANGULAR FRAGMENTS IN CLASS K(IN) F1O.O

LI(K) AND D2(K) ARE REQUIRED ONLY IF FRAGMENT MASS IS

bE!NU OPTIMIZED OR PARAMETERIZED

CARD I IS REPEATED NOPS(I) TIMES.

CARDS H AND I ARE REPEATED FOR EACH POLAR ZONE

CARD 11 C OMIT IF MINI .NE, I

COLUMN ITEM SCALING

1-10 FMi - FRAGMENT MASS FOR MINI PLANE OF FRAGMENTS. F1090

(GRAINS)
1i-20 FV. a INITIAL VELOCITY FOR MINI PLANE OF FRAGMENTS. FIO.O

(FT/SEC)

21-30 FPAI m FRAGMENT PRESENTED AREA FOR MINI PLANE OF F1O*0

FRAGMENTS. (SQ. IN*)
31-40 BLANK
41-50 RHO x NO. OF FRAGMENTS IN MINI PLANE OF FRAGMENTS. F1O.0

51-60 001 w WIDTH OF RECTANGULAR FRAGMENTS IN MINI PLANE FIO.0
OF FRAGMENTS.. (INo)

61-70 iX' a HEIGHT OF RECTANGULAR FRAGMENTS IN MINI PLANE F1090
OF FRAGMENTS* (IN*)
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IF INDCD IS LESS THAN 3t OMIT CARDS Ji (SPECIAL DRAG TABLE)

CARD Ji

COLUMN ITEM SCALING

ENABLES INPUT OF FLECHETTE DRAG COEFFICIENTS
1-10 CD(I) = DRAG COEFFICIENT AT VELOCITY = 0 FT/SEC F1O.O

11-20 CDI) = DRAG COEFFICIENT AT VELOCITY = 447 FT/SEC F10O

61-70 D(7) = DRAG COEFFICIENT AT VELOCITY = 1005 FT/SEC F1O.O

CARD J1 IS REPEATED UNTIL 25 DRAG COEFFICIENTS
HAVE BEEN INPUT(7 PER CARD), CORRESPONDING VELOCITIES
MUST BE 0,447,558,670,782,893,1005,1116,1228,1340'
1451,1563,1786,1898.2010,2233.2679930149335093908#
4679,502495582%6475,10048.

I
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SECTION lib

(WARHEADS WITH VARYING CHARGE TO MASS RATIO -
OPTIMIZATION OR PARAMETERIC RUNS FOR SPHERICAL
FRAGMENT MASS ONLY)

CARD E

FORMAT

COLUMN ITEM SCALING
1-72 WTITLE = WARHEAD TITLE 12A6

CARD F

FORMAT

COLUMN ITEM SCALING
5 IWHDT WARHEAD TYPE, I = SPHERE OR TABULAR DATA, I1

2 = CYLINDER
6-10 NPOLAR NUMBER OF POLAR ZONES REQUIRED TO DESCRIBE 15

FRAGMENTATION DATA FOR WARHEAD (MAX 36)
11-20 PBEXP BARE CHARGE OF TNT EQUIVALENT EXPLOSIVE F1O.O

IN THE WARHEAD (LBS)
21-30 RHOMTL DENSITY OF FRAGMENT MATERIAL, BLANK IF F0OeG

USING STEEL (LBS./CU, IN.)
35 MINI I 1. INDICATES WH CONTAINS A PLANE OF FRAGMENTS. 1i

41-50 WLGTH = LENGTH OF WARHEAD (INCHES) FlO.O
51-60 WDIAM = DIAMETER OF WARHEAD (INCHES) F10.0
61-70 FACTK = K FACTOR (FT**2/GR**2/3) F1O.O
71 IFRAG = FRAGMENT DENSITY INDICATOR :0. THE FRAGMENT 11

DENSITY* RHO(IJ) IS INPUT IN FRAGMENTS/
STERADIAN. IF IFRAG = I. FRAGMENT DENSITY
IS INPUT AS THE TOTAL NUMBER OF FRAGMENTS

AND FRAGMENT/STERADIAN IS COMPUTED.
72 INDCD : DRAG INDICATOR, 1 = SPHERE9 2 = CUBE. 3 Il

RANDOM. IF INDCD GT 3, SPECIAL DRAG CURVE
MUST BE INPUT USING CARDS 11

NOTE - IF IRAD = 1t PBEXP NOT REQUIRED

NOTE - LEAVE FACTK BLANK IF FRAGMENT PRESENTED AREA
IS USED
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CARD G

CARD G IS REPEATED NPOLAR TIMES

COLUMN ITEM SCALING1-5 NGPS(I) = NUMBER OF CLASSES OF FRAGMENTATION DATA IN 15POLAR ZONE I* ALL ZONES MUST HAVE SAME
NUMBER OF CLASSES. MAX OF 10

6-10 BLANK11-20 THSU(I) = UPPER ANGLE DEFINING POLAR ZONE 1 FOR FIOoO
WARHEAD. MAX OF 180(DEGREES)21-30 THSU(I) = LOWER ANGLE DEFINING POLAR ZONE FOR WARHEAD FlOO
MAX OF 180(DEGREES)

CARO HI

COLUMN 1TEM SCALING5 IFORM Os TABULAR WARHEAD DATA, 1 = GURNEY FORMULA 116-10 NMAS = NUMBER OF MASSES IN TABLE MAX OF 14, 15NOT REQUIRED IF IFORM = 111-20 ENERGY = ENERGY CONSTANT, NOT REOUIRED IF IFORM = 0 FIOO21-30 PACKEF = PACKING EFFICIENCY EP ,NOT USED IF IFORM=O F1OoO31-40 RHOMTX = DENSITY OF MATRIX MATERIAL (LBS/IN**3) F1O0O
NOT REQUIRED IF IFORM = 041-50 RHOEXP = DENSITY OF EXPLOSIVE, NOT REQUIRED IF F1O0O
IFORM = 0

CARDS H2-H4 NOT REQUIRED IF IFORM = 1

CARD H2

COLUMN ITEM SCALING1-10 SFMAS(I) FIRST MASS IN TABLE(5RAINS) F10OO

CARD H3

COLUMN ITEM SCALING1-10 SVEL(1 = SPHERICAL FRAGMENT VELOCITY IN CLASS I FIOO
(FT/SEC) MAX OF SEVEN CLASSES

CARD H4

1-10 SRnmj(lf= NUMBER OF SPHERICAL FRAGMENTS IN FIRST F1O.O
CLASS MAX OF SEVEN CLASSES

REPEAT CARDS H3 AND H4 FOR EACH POLAR ZONEREPEAT CARDS H2 THROUGH H4 NMAS TIMES

IFINDCD IS LESS THAN 39 OMIT CARDS 11 (SPECIAL DRAG TABLE)

CARD 11 (SAME AS CARDJ2 IN SECTION IIA)
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SECTION IIC

(KDGN=I, FOR DESIGN MODE)

CARD E

COLUMN ITEM SCALING
1-72 WTITLE = WARHEAD TITLE 12A6

CARD I

COLUMN ITEM SCALING
1-10 RHOEX = DENSITY OF EXPLOSIVE (LBS*/CU. IN.) F10O0

11-20 RHOSTL = DENSITY OF METAL (LRB . t,, ,, ,
LFA\'F .m irF MTAL IS STEEL

21-30 GC GURNEY CONSTANT (FT./SEC°) F10.0
31-46 uv DETONATION VELOCITY (FT./SEC.) F1O.0
41-50 THET SPRAY ANGLE (DEG.) FIO.0

BLANK* IF NOT HELD CONSTANT F1O.O
55 NCOMB COMBINATION NUMBER 15

NCOMB TABLE

(NCOMB IS THE FLAG USED TO DETERMINE WHICH SET OF
DESIGN PARAMETERS IS TO BE OPTIMIZED OR PARAMETERIZED)

NCOMB ------- PARAMETERS--------
I WWT C/M L/D H/W FM(1)
2 WWT C/M DWH H/W FM(Il
3 WWT L/D DWH H/W FM(1)
4 WWT L/IC VOL. H/W FM(1)
5 WWT DWH VOL H/W FM(1)
6 C/M L/D DWH H/W FM(1)
7 C/M L/D VOL H'W FM(*)
8 C/M DWH VOL H/W FMuI)
9 * VOL WWT C/M H/W FM(Il

10 * VOL DWH L/D HIW F)(1)

NOTE--I) IN USING THE DESIGN MDE THE USER MUST ACCOMPLISH THE
FOLLOWING

A. SELECT A COMBINATION NUMBER (NCOMB TAiLE)
BASED ON WAR'EAD CONSTRAINTSo
OPTIMIZE OR ARA!.ETErI4E ANY VARIABLE IN
THE CHOSEN COMEINATION BY UrE OF CARD C.
HOE. VM, ALPHA- AND ZONEU CAN ALSO BE
O)PTIMIZED OR PkRAM;tTERIZEDt.

C. AHN VARIABLE IN THE CHOSEN COMBINATION THAT IS
N',T OPTIMIZED OR PARAMETERIZED MUST HAVE A
CONSTANT VALUE ENTERED ON CARD G.

2)*COMBINATION NUMBERS 9 AID 10 HAVE NO UNIQUE SOLUTION
FOR THE TWO UNKNOWNS# AND SO CANNOT BE USED, THEY ARE
LISTED HERE FOR COMPLETION ONLY.
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CARD G
(INPUT VALUES ONLY FOR THE VARIABLES TO BE HELD CONSTANT)

COLUMN ITFM SCALING
1-10 WVOL = WARHEAD VOLUME (CU. IN.) F10.0

11-20 WWT = WARHEAD WEIGHT (LBS.) F10.0
"21-30 DWH = DIAMETER OF WARHEAD(IN,) F10O,
31-40 RL.D = RATIO OF LENGTH TO DIAMETER OF WARHEAD F10,0
41-50 RCM = RATIO OF CHARGE TO METAL OF WARHEAD F1OO
51-60 RHW = RATIO OF HEIGHT TO WIDTH OF FRAGMENTS F1OO
61-70 FM(1,I) = FRAGMENT MASS (GRAINS) F1OoO

NOT."-- IF A VARIABLE MUST BE HELD CONSTANT IN A Z.IVEN RUN,
THAT VARIABLE MUST APPEAR IN THE LIST CORPESPONDING TO
THE COMBINATION NUMBER INPUT.
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SECTION III TARGET SECTION

CARD K2

COLUMN ITEM SCALING
5 NELMTS = NUMBER OF TARGET ELEMENTS (MAX OF 5) 1,
6-10 NESH= NUMBER OF MATERIAL TARGET ELEMENTS WHICH ARE SAME 15

HEIGHT* THESE SHOULD BE GROUPED TOGETHER AS THE
FIRST TARGETS TO BE INPUT. THOSE ON TAPE SHOULD BE
ARRANGED IN ASCENDING ORDER OF FILE NUMBER*

15-35 LTYPE(1) FOR I=1,...,5 = 0 FOR MATERIEL, 515
= I FOR PERSONNEL

CARD L

COLUMN ITEM SCALING
I ITAPE = It INDICATES CERTAIN VARIABLES WILL BE READ 11

FROM TAPE.
= O, NO VARIABLES READ FROM TAPE

2-3 ISKPP = FILE NUMBER TO BE READ FROM TAPE 12
4-9 TITLE m ABBREVIATED NAME OF FILE TO bE READ FROM TAPE. A6

CARD M - OMIT WHEN ITAPE=I,

COLUMN ITEM SCALING
1-72 ETITLE ELEMENT TITLE 12A6

NOTE. IF THE TARGET IS PERSONNEL, SKIP TO CARD U

CARD N OMIT COL 1-40 WHEN ITAPELI.

COLUMN ITEM SCALING
1-5 BLANK
6-10 NFMS(I) = NUMBER OF FRAGMENT MASSES USED TO DESCRIBE THE 15

VULNERABILITY OF TARGET ELEMENT I (MAX (F 10)
11-15 NVEL(I) NUMBER OF FRAGMENT VELOCITIES USED TO )ESCRIFE 15

THE VULNERABILITY OF TARGET ELEMENT I (MAX OF 12)
16-20 NELVS(I) m NUMBER O0 ELEVATION AN6LES USED TO DESCRIBE THE 15

VULNERABILITY OF TARGET ELEMENT I (MAX OF 7)
25 IKT(I)c 09 THE TARGET VULNERABILITY DATA AS A FUNQTION OF 12

ELEVATION ANGLE IS USED.
19 THE TARGET VULNERABILITY DATA FOR THE UPPER
HEMISPHERE IS USED.
2, THIS OPTION INCORPORATED INTO THE PROGRAM TO
EVALUATE VULNERABILITY FOR FUTURE ELEMENTS.
NOT NEEDED AT THIS TIME,

31-40 TII = HEIGHT OF TARGET ELEMENT CENTROID. FIO.O
41-50 TLGTH(II) LENGTH OF ELEMENT(Ii, FOso
51-60 TWDTH(II=WIDTH OF ELEMENT(I)o F1O.O
61-70 THGT(I) : HEIGHT OF ELEMENT(I) F10.0
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CARD 0

COLUMN ITEM SCALING
1-10 BLSTL1(1) = EITHER THE IMPULSE LEVEL OR THE BLAST F10.0

RADIUS FOR PKB = 1.0 OF ELEMENT I.
11-20 BLSTL2(I) = EITHER THE IMPULSE LEVEL OR THE BLAST F1Oo0

RADIUS AT WHICH PKB BECOMES EQUAL TO O.
30 IRAD(I) = 0 INDICATES BLAST LEVEL IS USED I1

= 1 INDICATES BLAST RADII ARE USED

CARD P - OMIT TYPES P THROUGH T WHEN ITAPE = 1

COLUMN ITEM SCALING
1-70 AV(ITtJT*KT) = VULNERABLE AREA FOR FRAGMENT MASS IT, 14F5.0

FRAGMENT VELOCITY JT AND FRAGMENT STRIKING
ANGLE KT (KT = INELVS)

CARD 0

COLUMN ITEM SCALING
1-40 FMAS(IITT) = AN ASCENDING ORDERED TABLE OF FRAGMENT 8F5.0

MASSES USED IN THE VULNERABILITY DATA FOR
ELEMENT I* (ITT = I*NFMS)

CARD R

COLUMN ITEM SCALING
1-70 'tL(I#JTT) = VELOCITY (JTT= 1*NVEL) 14F5*0

CARD S

COLUMN ITEM SCALING
1-30 ELV(I*KTT) = AN ASCENDING ORDERED TABLE OF FRAGMENT 6F5.0

STRIKING ANGLES USED IN THE VULNERABILITY
PATH FOR ELEMENT I (KTT = 1NCLVS)

CARD T

COLUMN ITEM SCALIN,
1-30 VEEIbL(I#ITT,KTT) c MINIMUM LETHAL FRAGMENT VELOCITY 6F5.0

FOR TARGET ELEMENT It FRAGMENT
ZONE No FRAGMENT CLASS M-(M=1,NGRS)

CARD P IS REPEATED INFMSIIl) X NVELMI)) TIMES*
CARD T IS REPEATEO NFMS(I( TIMES
CARDS L THROUGH T ARE REPEATED FOR EACH MATERIEL TARGET
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IF TARGET IS PERSONNEL, OMIT CARDS N THROUGH T AND USE THE

FOLLOWING CARDS IN THEIR PLACE

CARD U

COLUMN ITEM SCALING

1-5 ITROOP(I) = 1 FOR PRONE TROOPS 15
= 2 FOR STANDING TROOPS, 3 = FOXHOLE

6-10 BLANK
11-20 ZT(I) = HEIGHT OF TARGET (FT) FIO.O
21-30 BLSTLI(I) EITHER THE IMPULSE LEVEL OR THE BLAST FIO.0

RADIUS FOR PKB = 1.0 OF ELEMENT i7

31-40 BLSTL2(I) EITHER THE IMPULSE LEVEL OR THE BLAST FIO.O
RADIUS AT WHICH PKB BECOMES EQUAL TO C.

45 IRAD(I) = 0 INDICATES BLAST LEVEL IS USED 11
= I INDICATES BLAST RADII ARE USED

CARD V - OMIT WHEN ITAPE = le

COLUMN ITEM SCALING
1-10 A = CONSTANT DEFINING CASUALTY CRITERION F1O.O

11-20 B = CONSTANT DEFINING CASUALTY CRITERION FIOoO
21-30 C = CONSTANT DEFINING CASUALTY CRITERION FIOO

REPEAT CARDS MtU, AND V FOR EACH PERSONNEL TARGET

CARD Wl OMIT TYPES WI THROUGH Z IF IOPPAT=O

COLUMN ITEM SCALING
1 NLPAR a NUMBER OF VARIABLES TO. E PARAMETERIZED IN 11

THE PATTERN OPTIMIZATION SECI'IUN.

CARD W2 REPEAT NLPAR TIMES, OMIT IF IOPPAT ; 0

COLUMN ITEM SCALING

1-6 NAMES(M) w.NAME OF VARIABLE TO 8E PARAMETERIZED, A6
11-20 XMNL(Mi t VARIAbKE MINIMUM F OO
21-30 XMXL(M) m VARIABLE MAXIMUM F10.O
31-40 XL(M) DELTA X FIOo

PATTERN OPTIMIZATION VARIAULE TABLE

COLUMN ITEM
1-5 NBLTS w NUMBER OF BOMBLETS
1-5 TARHL a TARGET HALF LENGTH.
1-5 TARFW a TARGET HALF WIDTH,
1-4 SI.W a STANDARD DEVIATION OF DEtIVERY ERROR IN THlE RANGE

DIRECT*ION*
1-4 SIGL a STANDARD DEVIATION OF DLLIVERY ERROR IN THE

DEFLECTION DIRECTION,
1-5 ARZAL a LETHAL AREA. IF THIS VARIABLE IS PARAMETERIZED

LAPAR MUST BE 1.
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CARD X OMIT IF IOPPAT = 0

COLUMN ITEM SCALING
1-10 TARHL = TARGET HALF LENGTH. F1O.0

11-20 TARHW = TARGET HALF WIDTH. F1O.0
25 IDTAR = 0 INDICATES ELLIPTICAL TARGET SHAPE 11

1, INDICATES RECTANGULAR TARGET SHAPE

CARD Y OMIT IF IOPPAT = 0

COLUMN ITEM SCALING
1-10 PATHL = WEAPON PATTERN HALF LENGTH. F10.C

11-20 PATHW = WEAPON PATTERN HALF WIDTH. F10.O
25 IDPAT - O, INDICATES ELLIPTICAL PATTERN SHAPE. 11

It INDICATES RECTANGULAR PATTERN SHAPE.
31-40 SIGL = STANDARD DEVIATION OF DELIVERY ERROR IN THE Fi0.O

RANGE DIRECTION.
41-50 SIGW = STANDARD DEVIATION OF DELIVERY ERROR IN THE F10.O

DEFLECTION DIRECTION.
51-60 DL = DELTA ON PATTERN SIZE F10.O
61-70 NBLTS = NO. OF bOMBLETS. 110

CARD Z

COLUMN ITEM SCALING
1-10 FP(I) = WEIGHTING FACTOR FOR TARGET ELEI4ENT I. F10.O

11-20 FP(2)

41-50 FP(5)

NOTE. SUM OF THE ABOVE MUST BE I*

*K
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NOTE. RUNS MAY BE STACKED BY PLACING A *RUN CARD
(* IN COL. it RUN IN COLS. 7-9) AFTER LAST DATA
CARD AND THEN REPEATING THE CARDS IN TABLE I.
THE GTITLE CARD IS USED TO INDICATE IF THE WH
DATA AND/OR THE TARGET DATA ARE TO BE CHANGED.
IF NEW WARHEAD DATA IS IN GTITLE CARD COLS. 1-16,
THEN TABLE IIA OR IIB CARDS MUST BE INPUT.
IF NEW TARGET DATA IS IN COLS. 20-34, THEN THE
ENTIRE TABLE III CARD DECK MUST BE INPUT. COLS. 35-72
MAY CONTAIN ANY OTHER INFORMATION TO BE PRINTED AT
TOP OF PAGE.
THIS MAY BE DONE ANY NUMBER OF TIMES, THUS ENABLING
THE USER TO OPTIMIZE SEVERAL WARHEADS AGAINST VARIOUS
TARGETS.

so
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SPECIAL INPUT SECTION USED TO STORE DATA ON TAPE

CARD I

COLUMN ITEM SCAL I NG

1-6 WT ABBREVIATED NAME OF ThE FILE TO BE READ FROM A6
TAPE,

CARD 2

COLUMN ITEM SCAL I NG

1-72 WTITLE m WARHEAD TITLE 12A6

CARD 3

COLUMN ITEM SCALING

1-10 NPOLAR = SAME AS CARD H BUT READ FROM TAPE. 1'7

ol-70 FACTK 2 SAME AS CARD H VUT READ FROM TAPE. FPOO
71 IFRAG - SAME AS CARD H gUT READ FROM TAPE. Fl0,O

72 INDCI) o SAME AS CARD H alUT READ FROM TAPE. F10.0

CARD 4

COLUMN I TF- SCAL I NO

1-5 f ýPSIJI NUM0FR OF CLASSES OF FRAt)MENTATION DATA IN
POLAR ZONE J. ALL ZONES MUSI HAVE SAME NUM6iER

OF CLASSES.
6-10 BLANK
11-20 THSU(J) a UPPER ANGLE O.FINING PCILAN 4WNt J FOR WARHIAAO f10o..)

21-30 TISLIJ) f LOWER AN4LE DEFININf. P".OLARZ ONL J FOR wARt4AU F1i0.0
( DE6 )

CARD i

COLUMN SYMBOL ITEM SCAL I N6
i1i0 FMIJ.K) 0 SAME AS CARL) R OUT READ FROM TAPE. F1.0,0

11-20 FV'JK) a SAME AS CARO M BUT REjý VIROO TAPE. F10.0

21-30 ADum * BLANK " o0.o
31-40 XDUM B BLANK$ F10,0

41-50 QH0(JK) S SAME AS CRAD M. BUT REA' PRQ •TAP.L* F 10o.0

51-6O BDUM U BLANKS Fl\,O

61-70 CDUU '= BLA4IS F i0.0

CARD C.

COLUMN IfEH iC. L I f"-ft

1-6 TAgGTI , ABOREVIATED .NAKE OF FILE TO BE F9EAD FROM TAPE. A6

tS
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CARD 7

COLUMN SYMBOL ITEM SCALING

1-72 ETITLE = ELEMENT TITLE 12A6

CARD 8

COLUMN SYMBOL ITEM SCALING
i-5 BLANK

6-10 NFMS(1) = NUMBER OF FRAGMENT MASSES USED TO DESCRIBE THE 15

VULNERABILITY OF TARGET ELEMENT I* (MAX OF 10)

11-15 NVEL(I) = NUMBER OF FRAGMENT VELOCITIES USED TO DESCRIBE 15
THE VULNERAb T LITY OF TARGET cL.EMENT I (MAX OF 21)

16-20 NELVS(I) NUMBER OF ELEVAION ANGLES USED TO rESCRIBE THE 15
VULNERABILITY OF TARGET ELENENT I (MAX OF 10)

25 IKT(I) = O, THE TARGET VULNERABILITY DATA AS A FUNCTION OF 11
ELVS ELEVATION ANGLE ARE USED.

= 1 THE TARGET VULNERABILITY DATA FOR THE UPPER
HEMI.PHERE ARE USED,

31-40 ZT(I) = HEIGHT OF TARGET ELEMENT CENTROID IFT) Fio.O

CARD 9

COLUMN SYMBOL ITEM SCALING
1-70 AV(ITJTKT) = VULNERABLE AREA FOR FRAGMENT MASS iT, 14.5,0

FRAGMENT VELOCITY JT AND FRAGMENT STRIKING

ANGLE KT (Kr = INELVSr)

CARD 10

COLUMN SYMBOL ITEM SCALING
1-40 FMAS(IsITT) = AN ASCENDING ORDERED TABLE OF FRAGMENT 8F5,0

MASSES USED IN THE VULNERABILITY DATA FOR

ELEMENT It (ITT a INFMS)
CARD 11

COLUMN SYMBOL ITEM SCALING

1-70 VEL(ItJTT) = VELOCITY (J*TT ioNVEL) 14F5,0

CARD 12

COLUMN S -BOL ITEM SCALING

1-30 ELl'(IKTT) u AN ASCENDING ORDERED TABLE OF FRAGMENT oF5,O
STRIKING ANGLES USED IN THE VULNERABILITY
PATH FOR ELEMENT I (KTT a lNELVS)

CARD 13

COLUMN SYMBOL ITEM SCALING

1-30 VEETBL(I,ITT#KTT) a MINIMUM LETHAL FRAGMENT VELOCITY 6F5,*
FOR TARGET ELEMENT I, ZONE No FRAGMENT MASS M.

ZONE Ns FRAGMENT CLASS M-4M=i#NG.S)

CARD 14

COLUMN SYMBOL ITEM SCALING

]-10 A * CONSTANT DEFiNING CASUALTY F10O.

11-20 B = CONSTANT DEFINING CASUALTY FlogO

21-30 C = CONSTANT DEFINING CASUALTY F10.O
52
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APPENDIX II

GURNEY EQUATION CORRECT1ON FACTOR

In developing the algorithms for this modification, it was discovered
that there is a degree of uncertainty about the Gurney formula. The Gurney
formula, derived in Reference 4, predicts the fragment fly-off velocity
of a warhead as a function of explosive characteristics and charge-to-metal
ratio. The uncertainty concerns the accuracy of the fly-off velocity pre-
diction. Several publications (Reference 2, for example) suggest using 70
or 80 percent of the value predicted by the Gurney equation. There is some
disagreement in this uncertainty, however. References 5, 6. rnd 7 mention
that for a warhead with a length-to-diameter ratio of less than 2, the
Gurney formula yields high results and as a result should not be adjusted.
In an attempt to include recent and accurate state-of-the-art technology
in this modification, an investigation was performed to determine the most
recent and the most accurate algorithm to predict fragment fly-off velocity.

Reference S presents some experimental data illustrating the variation
of fragment fly-off velocity as a function of warhead length-to-diameter
ratio. However, a representative equation is not given; therefore the
results cannot be easily utilized. The purpose of this appendix is tc
derive such an equation.

The graphical data in Reference S approximate the general form of an
inverse exponential curve approaching unity. For this reason, the following
general equation was chosen to fit the data:

Y - I.aebX (II-1)

where Y is the dependent variable (correction factor) and X is the independent
variable (length-to-diameter ratio). The constants a and b must be determined
and they can be computed using the least squares method.

Equation (iU-i) must be transformed into a polynomial equation before
the least squa.res method can be applied. This can be done by using the
following transformation,

1-Y V aeb

In(l-Y) w in a + b X In e (11-2)

ln(-14) In a + b X

Equation (11-2).is in the first order polyniomial form,

U 6 A + BV (11-3)
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where A and B are constants and U and V are variables. In regression
analysis, it is shown that an equation can be fit to a set of data points
in the form of equation (11-3) by use of the normal equations,

EU. = nA+BEV.'1 1

and

EUV. - AEV.+BEV.
2

1 1 1 1

where n (i = 1, ... , n) is the number of data points, A and B correspond
to the A and B in equation (11-3), and (Ui., Vi) is the ith data point.
Solving for A and B,

EU. EV.
A 1

n n

(11-4)

nEV .Ui- EU EV
2 nZVi22 - iZVi

By applying equations (11-4) to equation (11-2), the constants in equation
(11-1) can be determined

EX i l.(I-Y i )- [U~n(1 -Y) ](EXj)

IREX 1 -_(EX 1)2
1--1-5

a •(n(l-Yi)-bzXi)

A computer program was written to perform these calculations. The
Gurney equation correction factor, Yt vas found to be

y 1 l-.4486 e0 l.234s(L/D) (11-6)

The program source statements and the output are listed on the next following
computer printout sheets.
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GURFAC FORTRAN EXTENDED VERSION 2.0 14/09/70

PROGRAM GURFAC(OUTPUT, INPUTTAPE5=INPUT)
DIMENSION X(10GkYli80),LINE(iOO) ...

I FORMAT(5F±0.3)
2 FCRMAT(2FiO*3) ------

20 FORMAT~iHi,5X, *INPUT OATA(D) COMPUTED VALUE(C)*)

22 FORMAT~iHid//,6X,OG~i8X,.,2 ,i8XI, 04,i8Xt,6*,±8X,.8*,i7X,~i.*)
31 FORMAT(ix,5F10.3) .........-

35 FORMAT(///,i9X,-COMPUTED EQUATION--*,/,i9X,*GAMMA =1.0 -*F.,
IEXP(*,F8.5,* L/D)*t///////t19Xt*INFUT DATA FR~OM REFERENCE 5, PG 4-
21e3.*)

50 FOR*AT~tiX~,f.~j--?,ii06Ail
65 FORMAT(iH+,5XiOOAi)

READ(5,i) YMAX,YMIN,DELX,XMAXXMIN
ASSIGN 25 TO M
CALL. EOF(M)

C INPUT

10 REAO(5,21 X(N),Y(N)

GO TO 10
C SUM PROPER VARIABLES

25 SUMLNZ a 0.

SUMX 0.
SUMX2 G.
SMLNZX 0.
00 15 1IO31N
Z =±.-Y(I)
SUHMt+Z a SUMLNZ+ALOG(Z-
SvMX SUMX + X(I)
SU1IX2 SUMX2 + Xtl)#X(I)

15 SPLNZX SHLNZX + ALOG(Z)#X(I)
C COMPUTE CONSTANTS

AN FLOAT(N)
C (AN'bSH4LNZX-SUJKNZ4,SU$4X)/4ANIOSUI4X2-S4J#4X*-SU44E4-
A EXP(SUMLNZ/AN - G*SUNX/AN)

C OUTPUT
PRINT 20
PRINT 21
no 30 1 v IN
vc a I#- AsEKpC'4114i
VDIFP YC 4y(I)

PRINT 35,AvC

C PIN4T GRAPH
PRINT 22
SPAN -o-140w4(-VhAX-y.,IWF

00 40 ttII0
40 LINE(Il 114
42 LINEW1 4 IN*

00 4s 1 0102

W.
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GURFAC FORTRAN EXTENOED VERSION 2.0 14/09/70

45 LINEMI = H
IX = IFIXtSP)At*(i.-A*EXP(C*XX)-YMINI +.SY
IF(IX.GE.±.AND*IX*LE.i00) LINE(IX) = HC
PRINT 50,qXXi(tIN~tI)jI=1,±G0)
IF(IX.GE~i*ANO.IX.LE.1OO) LINE(IX)=~ih

IF(X(I).GE.XX.AN0.X~iI).LT.XX+DELX) GO TO 60
55 CCNTIN~tE -

GO To 75
60 IX =IFIX(SPAN*(Y(I)-Yf4IN) +*5)

LINE(IX)= H
-PRINM-t-5, tt:Tlt4ftKi-iK--t l10)-......
LINE(IX) iH
GC- TO 55-

75 XX =XX+OELX
IF(XX.LT*XMAXI GO TO 42
CALL EXIT
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INPUT DATACO) COMPUTED VALUE(C)
x Y - tt0- --*Nflft-GA14A-Y --

.150 .630 *15.0 - 6?7. -.0003

.250 .580 .250 *671 9091
,350 4800 ,350- o .7 (9 -0-091

.500 .720 .500 o758 .038
*650 .854 .65O--.....v -
.950 .880 .950 .861 -.019

1.000 .70l7 1,0 00. .*869 .162
1.000 .*770 1.0 00 a .869 .099
1.000 .824 10000- 0869- 0845
1.000 .865 1*000 .869 .004
1.000 .892
1.000 .898 1.000 o869 -.029
1.250 .970 1*250.....104 -o066
1.00o .840 1.500 .930 .090
1.500 .938 1*.500 .930 -4,008
1.500 .1950 1*500 .930 -s020

COMPUTED EGUATION--
GAMMA 1.0 4 44860 EXP(-i.23449 LID)

INPUT DATA FROM REFERENCE 5, PG 4-183.

57



9* in a~ &n 4* in * V * %A * M a 0 a 0 * C3 * * *i a * % * *a 4

Oa.V oI u

*4 *o ¶000 1o W 44V

I -d



APPENDIX III

DISCUSSION OF POLAR ZONE ASSUMPTION

It is assumed in this and most similar computer programs that no
significant accuracy is lost if the upper polar zone angle (61 in Figure
III-1) is represented by the angle computed in Shapiro's formula (6 in
Figure Ill-1). If valid, this assumption wili simplify the computations
performed within the program. In this appendix, the conditions under which
this assumption is valid will be discussed.

Figure Ill-1 illustrates a cylindrical warhead with the polar zone angle
'(1) and Shapiro's angle (0) pictured. For the assumption to be valid, it
must be shown that arc length B is very much larger than the sum of arc
lengths A and C. That is, it must be shown that assuming the fragments
emanate from the center of the warhead is an accurate approximation of the
real case in which the source of the fragments is the side of the warhead
and not a point at it.' center.

L

2

--' -I- -- ML /C

3

Figuro 111-1. Polar Zone Assumption
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This assumption can be stated as:

B'B+A+C,
or (IlI-i)

B>>A+C

Since 111121113 and 141115

some obvious identities are

6=0 1=0 2Aý8:1=2 A~d

0 <0 <2 B=rO CZ1WFIL
22

Now equation (IIl-1) can be stated as

r4>>d+!HL (111-2)

The length, d, can be determined from the following

tan I a

-DWH2 (111-3)

a i (DWH) tan 0

nlow

b WI'WIL- a

2HL - I (DWII) tan 0 (111-4)

ta0 2  c

so
b

W•lL - DWII tan 0. (Iit-5)

tal 0,

60
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)d

sin = d

c

d = c sin 0 (111-6)

I WHL-(DWH) tan 01 sin 0
2 tan 02

Since =0 =0 2

Sd 1 WHL- (DW) tan 6 sin2 tan 0 2

(111-7)
i [IHL- (DWH) tan 0] cos 0

1

1 [WHL (cos 0) - DWH (sin 0)]

Combining equation (111-2) and (111-7)

0 r>> [WHL (es 0) - DWH sin 0 + WHL]

(III-8)

>> [WHL (I + cos 0) - DWH sin 0]

Since 0 is constant for a given situation,

1

r>> 1 [WlL (1 + cos 0) - DWH sin 0] (IIb-9)

Equation (Il1-1) has now been transformed into equation (III-8). The sirnula-
tion of fragments as emanating from the center of the warhead becomes more
accurate as the distance of the target from the warhead and the fragment
Sspray anglo become larger.

61
(The reverse of this page is blwik)

"••", " 1' .. .,.'." ,'. "'.•'•.•. .... ' ,. ,.. . . . . ....." , •",• ,-



124&Ac�,w c�d.
1�

&
'I

t,.
12

2

-4,



UNCLASSIFIED
sUcu•ty Classification

DOCUMENT CONTROL DATA - R & D
(Security clsiication of thtis, body otf aburaect and indexing Annotation must be entered when the overall repor is classified)

I ORIGINATING ACTIVITY (Coipoift' aMulth) 20. REPORT SECURITY CLASSIFICATION

Weapon Systems Analysis Division unclissified
Air Force Armament Laboratory &. GROIP

Eglin Air Force Base, Florida 32542 N/A.....
J REPORT TITLE

S

CYLINDRICAL WARHEAD DESIGN OPTIMIZATION

4 DESCRIPTIVE NOTES (?'.p& ofreport and incluaiwe dateo)

Final Report (June - August 1971)
S. AUT*4ORISI (Firtf name. middle initiai. toao name)

Timothy C. Ponder
Frank A. Moescher, Major, USAF

6 REPORT DATE 74L. TOTAL NO. OF PAGES lb. NO. OF REFS

March 1972 67 7
La. CONTRACT OR GRANT NO. 90. ORIGINATOR'S REPORT NUMISER(S)

b. PROJECT NO.

2543 AFATL-TR-72-42
9b. OTHER REPORT NOtS) (Any o@kee nIawb@U*o awD may be eeeigtd

I0 OISqlýtItIUt4ON STATEMI NT

Distribution limited to U. S. Government agencies only; this report documents
test and evaluation; distribution limitation applied March 1972. Other requests
for this document must be referred to the Air Force Armament Laboratory (DLYD),
Eglin Air Force Base, Florida 32542.

%I 1UPPLtu TNIAY NOSES IZ. SPONSORING MILITANT ACTIVITY

Air Force Armament Laboratory
Available in DDC Air Force Systems Conmiand

__ __Eglin Air Force Base, Florida 32542

This report documents the Cylindrical Warhead Design Optimization segment of the
Weppons Optimization Techniques computer program. This segment enables the user
to optimize or parameterize the basic design parameters of a theoretical warhead
for a given target or set of targets. The warhead lethality is determined as a
function of the basic design parameters: warhead weight, warhead Volume, warhead
diameter, charge-to-metal ratio, fragment mass, ratio of warhead length to diameter
and fragment height-to-width ratio. This segment can also optimize or parameterize
height of burst, terminal velocity, impact angle, and fragment spraf angle.

DD . 1473 ____

a-



UNCLASSIFIED
Security classification

t 4. LINK A LINK B LINK C
KEY WORDOS-

MO L W T ROL I W T ROLE W

FComputer Program

Weapon Optimization Techniques

Cylindrical Warhead Design Optimization

SWarhead Lethality


